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1 Introduction
In RAN1#74bis meeting, a lots of aspects to support the functionality for TDD-FDD CA in Rel-12 were discussed focusing on high level design aspects as a starting point on this WI [1]. As a conclusion for TDD-FDD CA, following agreements were made with some observations in [2].
	Agreement in RAN1#74bis:
· Ideal backhaul is assumed for TDD-FDD CA

· TDD and FDD cells are synchronized

· The followings are supported when designing Rel-12 TDD-FDD carrier aggregation:

· Maximum supported number of aggregated CC is 5

· Aggregation of different UL/DL configurations for TDD carriers on different bands is supported

· Same UL/DL configuration should be applied for intra-band CA

· A TDD-FDD CA-capable UE supports TDD-FDD DL CA

· A TDD-FDD CA-capable UE is allowed not to support TDD-FDD UL CA

· Note that not supporting UL TDD-FDD CA means that UE can only be configured with one serving cell in UL

· RAN1 should focus on the design of TDD-FDD CA assuming simultaneous RX/TX capability of the TDD-FDD CA UEs in Rel.12
· Further discussion of TDD-FDD CA UE not supporting simultaneous RX/TX is not precluded


According to above conclusions, the DL/UL HARQ and scheduling timing in this contribution will be discussed with considerations on whether PUCCH is only transmitted on PCell, and the cross-carrier scheduling and/or multi-subframe scheduling (e.g. in TDD PCell and FDD SCell) shall be supported,  and what remaining aspects can be further considered.
2 Discussion
2.1 PUCCH transmission
On this topic, in Rel-11 for inter-band TDD CA, the same discussion was happened, and RAN1 decided to keep the Rel-10 principle, that is the PUCCH is transmitted on PCell only. When considering above agreements from previous meeting such as ideal-backhaul, synchronized FDD-TDD serving cell and UE capability, and also further specification impacts and practical UE implementations, it would be desirable to start with Rel-10 assumption as a baseline for further study. If needed on PUCCH transmission on SCell depending on the results on SCE SI in RAN2 (e.g. dual connectivity) and other WI/SIs, then it can be considered for further enhancement.
Proposal 1: The PUCCH is only transmitted on PCell for TDD-FDD CA as in Rel-10/11.

2.2 Cross-carrier scheduling

As discussed in RAN1#74bis, it should firstly be clarified whether the cross-carrier scheduling is supported or not for TDD-FDD CA. One of motivations of supporting the cross-carrier scheduling in Rel-10/11 is for avoiding interference on the common control channels (e.g. PDCCH, PCFICH and PHICH) from that of aggressor cells. In TDD-FDD CA deployment scenarios, it is also expected that there would be similar tendency on those channels in the control regions in the victim cells, regardless aggregated serving cells have different duplex mode, respectively. Also we think there is no much differences between Rel-10/11 CA scenarios and Rel-12 TDD-FDD CA scenarios, where both are based on synchronized and ideal backhaul scenarios. Thus, it seems there is no strong reason why cross-carrier scheduling shall not be supported in Rel-12 TDD-FDD CA. Meanwhile, EPDCCH may be instead used for that as the other way by reusing current scheme from Rel-11. However, Only relying on EPDCCH is vague to fully obtain the benefits from interference avoidance by the cross-carrier scheduling.
Proposal 2: The cross-carrier scheduling shall be supported in TDD-FDD CA.
2.3 DL/UL timing for PDSCH/PUSCH transmitted on PCell
Considering that PUCCH is only transmitted on PCell as discussed in 2.1, it is quite straightforward that both DL and UL HARQ/scheduling for PDSCH/PUSCH transmitted on PCell shall follow PCell's timing in all TDD-FDD CA combinations, regardless of whether PCell is FDD or TDD, because there is no additional specification impacts and performance loss when applied.
Proposal 3: The HARQ and scheduling timing for PDSCH/PUSCH transmitted on PCell shall always follow PCell's timing for TDD-FDD CA.
2.4 UL timing for PUSCH transmitted on SCell (self-scheduling)
In this section, it is discussed that when a TDD-FDD CA capable UE supports TDD-FDD UL CA, how UL timing for PUSCH transmitted on SCell in case of self-scheduling is supported.

In case of self-scheduling for PUSCH on a SCell, it is also quite straightforward that the SCell's timing shall be applied regardless of any TDD-FDD CA combinations, and whether PCell is TDD or FDD, if it is assumed that PHICH is always transmitted on the serving cell in which UL grant was firstly transmitted as in Rel-10/11 principle. Similar with discussion in section 2.2, since there is no additional specification impacts and performance loss with this way, and same principle for PUSCH transmission on SCell in this case in inter-band TDD CA was already specified, it is desirable for TDD-FDD CA in this case as well. 
Proposal 4: In case of self-scheduling, the HARQ and scheduling timing for PUSCH transmitted on SCell shall follow SCell's timing for TDD-FDD CA.
2.5 DL timing for PDSCH transmitted on SCell
There are two main TDD-FDD CA configurations where PCell is FDD and SCell is TDD, and vice versa. In each case, to consider what scheduling scheme (e.g. self or cross-carrier scheduling) is configured is also needed for deciding the DL HARQ timing for PDSCH transmitted on SCell.

Case 1: PCell:FDD, SCell:TDD with either self-scheduling or cross-carrier scheduling:
· Follow PCell's timing (Rel-8 FDD DL HARQ timing)
In case 1, since the PCell is FDD which means both DL and UL subframes are available in all the time, and transmit the PUCCH, it is desirable to follow PCell's timing (i.e. FDD DL HARQ timing) for PDSCH on SCell (TDD) in any scheduling scheme applied. When comparing to apply the DL HARQ timing of the TDD UL/DL configuration of SCell, it is expected to lead more efficient HARQ-ACK reporting by reduced number of HARQ-ACK bits in a UL subframe on PCell and reduced HARQ RTT delay. Accordingly, overall DL system performance would be improved without significant specification impacts for supporting the case 1.
Proposal 5: In case PCell is FDD and SCell is TDD with either self-scheduling or cross-carrier scheduling, the DL HARQ timing for PDSCH transmitted on SCell shall follow PCell's timing (FDD DL timing).
Case 2: PCell:TDD, SCell:FDD with self-scheduling:

· Alt 1: PCell's timing
· Alt 2: DL reference UL/DL configuration's timing

· Alt 3: New DL HARQ timing
In case 2, there can be three alternatives for DL HARQ timing of SCell. With alt 1, it has less number of DL subframes for HARQ-ACK reporting in a corresponding UL subframe due to property of TDD UL/DL configuration. If PCell is for example configured with TDD UL/DL configuration 0 which contains least number of DL subframes among 7 TDD UL/DL configurations, then 6 number of DL subframes in SCell(FDD) cannot be scheduled even in self-scheduling case. So, alt 1 is not preferred option to us.

For alt 2, it has more number of DL subframes (up to 9 by DL reference UL-DL configuration 5) for HARQ-ACK reporting of PDSCH transmitted on SCell compared to alt 1, and thus we can discuss which DL reference UL/DL configuration is applied for each of TDD-FDD CA combinations (i.e. 7 combinations) as specified for Rel-11 inter-band TDD CA. As the other way to use the DL reference UL/DL configuration, RRC signaling can be also used to indicate the preferred DL reference UL/DL configuration among a set of DL reference UL/DL configurations as agreed for DL HARQ timing in eIMTA.
For alt 3, new DL HARQ timing can be also considered in order to support the PDSCH transmission in all the DL subframes on SCell (FDD). It will naturally cause further specification impacts such as soft buffer, DCI format, UCI transmission and so on. Thus, it would need further study considering how much performance improvements can be shown as well as specification/implementation works, especially comparing to alt 2.
Proposal 6: In case PCell is TDD and SCell is FDD with self-scheduling, focus on the discussion based on comparison between DL reference UL-DL configuration (alt 2) and new DL HARQ timing (alt 3).
Case 3: PCell:TDD, SCell:FDD with cross-carrier scheduling:

In case 3, it shall be firstly discussed whether multi-subframe scheduling is introduced or not. If introduced, the discussion can be fallback to the case 2 with self-scheduling, and common DL HARQ timing between self scheduling and cross carrier scheduling can thus be adopted, otherwise, we think to apply the PCell's timing (TDD) is natural way for PDSCH transmitted on SCell(FDD) to avoid implicit PUCCH resource collision on PCell when applying other DL HARQ timing.
Proposal 7: In case PCell is TDD and SCell is FDD with cross-carrier scheduling, confirm firstly whether multi-subframe scheduling is introduced or not and then, DL HARQ timing for this case is FFS.
And also, in case 3 with more than 2CCs, some different relation between primary cell (for PUCCH) and secondary cell#0 (scheduling cell if configured), or primary cell and secondary cell#1 (scheduled cell) can be considered for decision of appropriate DL HARQ timing on scheduled cell as shown in Figure 1. 

In addition, since RAN1 have agreed DL reference UL-DL configuration by RRC signaling to support the dynamic TDD UL-DL reconfiguration under Rel-12 eIMTA WI, it will be beneficial to discuss the eIMTA enabled-TDD and FDD CA configuration for further discussion. In this case, one of the considerations is that if a TDD serving cell is enabled with eIMTA and associated with FDD serving cell as TDD-FDD CA, then SIB1 TDD UL-DL configuration on the TDD serving cell can be replace to DL reference UL-DL configuration configured by RRC signaling when deciding the DL HARQ timing for PDSCH transmitted on the scheduled cell.
Proposal 8: The other aspects including eIMTA enabled TDD and deployments with more than 2CCs can be considered for further TDD-FDD CA design.
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Figure 1. TDD-FDD CA deployment scenarios with eIMTA and more than 2CCs
2.6 UL timing for PUSCH transmitted on SCell (cross-carrier scheduling)
In this section, it is briefly discussed that when a TDD-FDD CA capable UE supports TDD-FDD UL CA, how UL timing for PUSCH transmitted on SCell in case of cross carrier-scheduling is supported.

Unlike UL timing issue with self-scheduling as discussed in section 2.4, the most problematic case for UL HARQ/scheduling timing in TDD-FDD CA is the case when UE is configured with CIF for PUSCH transmission in case of TDD(scheduling cell)-FDD(scheduled cell) CA. In addition, some optimization may be possible for PUSCH timing on a scheduled cell even in FDD(scheduling cell)-TDD(scheduled cell) CA. To solve this issue, some possible solutions for PUSCH timing on scheduled cell can be followings:
· Alt 1: Scheduling cell's timing

· Alt 2: UL reference UL/DL configuration's timing

· Alt 3: New UL HARQ timing
Among above alternatives, we think alt 1 is not good option since there would be large number of UL subframes on scheduled cell (FDD) which UL scheduling is not possible due to the limitation of scheduling cell's timing especially when applied with TDD UL-DL configuration 5 on scheduling cell (TDD). 
For alt 2, it still has at least 4 UL subframes which cannot be used for PUSCH transmission even if UL reference configuration 0 is adopted for the PUSCH on scheduled cell (FDD). However, it is expected that there will be not much specification impacts from that. 

For alt 3, the main motivation is to allow a UE that all UL subframes in scheduled cell (FDD) can be scheduled. One possible new UL timing can be based on 10ms periodicity of HARQ RTT as that of current TDD UL-DL configuration 1-5. Further details can be discussed later.
Proposal 9: In case of cross carrier-scheduling, the HARQ and scheduling timing for PUSCH transmitted on a scheduled cell is preferred to discuss between UL reference UL/DL configuration's timing and new UL HARQ timing.
3 Conclusions

In this contribution, we mainly discuss the PDSCH/PUSCH timing on PCell or SCell together with related aspects (e.g. PUCCH on PCell-only, cross-carrier scheduling, etc..) for Rel-12 FDD-TDD CA. Finally, we would like to propose the followings for further discussion.
Proposal 1: The PUCCH is only transmitted on PCell for TDD-FDD CA as in Rel-10/11.

Proposal 2: The cross-carrier scheduling shall be supported in TDD-FDD CA.

Proposal 3: The HARQ and scheduling timing for PDSCH/PUSCH transmitted on PCell shall always follow PCell's timing for TDD-FDD CA.

Proposal 4: In case of self-scheduling, the HARQ and scheduling timing for PUSCH transmitted on SCell shall follow SCell's timing for TDD-FDD CA.

Proposal 5: In case PCell is FDD and SCell is TDD with either self-scheduling or cross-carrier scheduling, the DL HARQ timing for PDSCH transmitted on SCell shall follow PCell's timing (FDD DL timing).
Proposal 6: In case PCell is TDD and SCell is FDD with self-scheduling, focus on the discussion based on comparison between DL reference UL-DL configuration (alt 2) and new DL HARQ timing (alt 3).
Proposal 7: In case PCell is TDD and SCell is FDD with cross-carrier scheduling, confirm firstly whether multi-subframe scheduling is introduced or not and then, DL HARQ timing for this case is FFS.

Proposal 8: The other aspects including eIMTA enabled TDD and deployments with more than 2CCs can be considered for further TDD-FDD CA design.

Proposal 9: In case of cross carrier-scheduling, the HARQ and scheduling timing for PUSCH transmitted on a scheduled cell is preferred to discuss between UL reference UL/DL configuration's timing and new UL HARQ timing.
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